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The aerodynamic characterizetics of seven unswept tapered wings
were determined by oalouktion from two-M.mengiona.1data and by wind-
tunnel tests in order to demont3trate the accuracy of the calculations
and to show some of the effects of’aspect ratiq~ taper rgt~oz ~a
root thiclmess-chord ratio. The characteristic were calculated by
the usual application of the lifting-line theo~ which assumas linear
section lift curves and also by an application of the theory which
allows the use of nonl.lnearUft curves. A correction to the lift
for lineeffect of,chord was made by using the Jones edge-velocity
faotor. ‘I’hewings had aspect ratios of 8, 10, and U, twer ratios
of 2.5 and 3.5, and NACA hk-series airfoils. For six of the wings
the ratio of span to root thickness was held constant at 35 so that

the root thickness-chord.ratio increased w5_thincreasing aspect ratio.
TM aerodyntic characteristic of the wings with and without leading-
edge rcmghness are presented for smzd.1values of Mach number and

6values of Reynoldg number between 1.5 .x 10 end 7.0 X 106.

Reasonable agreement was obtained hetween the wing force and
moment characteristics calculated by the two methols and those
obtalaed experimentally; however, the method of c~ctiat~on which
allowed the use of nonlinear lift curves gave better agreement at
anglas of attack. The two methods of cumulation gave different
manwise lift Ustributions at maxiuzm lift. Comparisons made at

high

e~usl values of Reynolds nuuiberindicate that the-valuee of Lhe maximum
lift-drag ratio (L/D)= of “khesmooth wings _ticre%sEuZJLMJJincreasinq

aspect z%dzl~thrdughout the renge investigated in spite of the
increased drag of the thicker root sections associated with the hightir

.—

aspect ratios. The values of (L/D)E for the wings of taper ratio 3~5

with leading-edge rou@ness indicated the came trend; however~ the
values for the wings of taper ratio 2.5 with leading-edge roughness
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showed no gain when the aspect ratio was increased from 10 to 12,
apparently because of the larger increment of profile drag due to
roughness on the thicker root sections of the wing of aspect
ratio J.2. The decrement in (L/D)= due ta roughness was considerably

larger than the increment due to changing ~e a6pect mtio.
The maximum lift coefficients decreased with increasing aspect ratio,
mainly because ef the associated increase in root thickness-chord
ratio.

INTRODUCTION

Elementary aerodynamic cormiderations indicate that wings of
high aspect ratio are essential for efficient long-r-e airplanes.
Structural considerations for such wings favor relatively thtck root
sections and higjhtaper ratios. Sections with large thickness-chord
ratios have high prof’lledrags, and high ta~r ratios usually result
in impaired stalMng characteristics. The aerodynamic advantages
of high aspect ratio are thus partly offset by a des@n necessary
to satisfy the structural requlroments. Although the main aero-
dynamic effects of the desl~ variables are readily calculated by
lifting-line theory from section characteristics, considerable doubts
have at times been expressed as to the absolute accuracy of the theory
for determining an optimm combination of aspect ratio, @per ratio,
and root thickneee-chordratto.

An investigation has accordingly been made in order (1) to
demonstrate the corrdaticm of wing characteristics obtalnedby
calculation and by wind-tunnel te~%s and (2) to show s- of ~e,
effects of aspect ratio, taper ratio, and root thickness-chord ratio
on aerodynamic characteristics. Seven unswept wings having NACA ~-series
sections, aspect ratios of 8, 10, and 12, and taper ratios of’ S!.5

and 3.5 were studied. For six of the wings, tie ratio of span to root .
thickness was held consmt at 35 so that the root thickness-chord
ratio increased with increasing aspect ratio and decreased with
increasing taper ratio. The seventh wing combined the lowest aspect
ratio and taper ratio with the highest root thickness-chord ratio of tie
other wings. The wing characbristics were calculated by en application
of the lifting-line theory which allows the use of the nonlinear ~ection
lift curves as well.as by the umze,lapplication of the theory which
assumes linem lift curves.
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% root chord
.
●

Ct . construction tip chord .,. . ..

,

Et twist–at construction tip

Subscripts:

min minimum

Max maximum

(L = 0) at zero 13.ft

WINGS

Seven wings of NACA 44-serik sections with a~pect ratios of 8, *

10, and 12 end taper ratioa Qi’2.5 and 3.5 were investigated. The .

wings had straight tapered plan forms with parabolic tips extending
over the outer 5 percent of the semlspfin. !IMre was neltxr dihedral 4
norswmgp; that is, the qwtbr-chsrd Uxm was perpendicular to the

.

pleme-”o~symmetry. A typ5;c~”~@ ~ytiut is-sham In figure ‘1.

Six of the wings were constructed to have a ratio of span to
root thickness of 35 with the root thictiess-chord ratio varying
between 0.147 and 0.2hj the seventh wing had a ratio of span to root
thickness of 23.3 with a root thicknesg-chordratio of 0.24. The
tip thickness-chordratio was 0.1’2for aJ.1wingo. ~meneional MM
for the wings are summarized in table I. The dedgnati.on for the wings
Is formed from nmibers representing, consecutively, the taper ratio,
aspect ratio, NACA airfoil series, and root thickness in percent chcrd.
For example, in the designation 2.~-8-44,16, the first number “2.5”
represents the taper ratio, the numbe~ following the first dash “8”
represent-sthe aspect ratio (approx.)j the nuciberfollcwhg the seccml
dmh “44” represents the NACA airfoil series, andthe final number “16”
represent-ethe root thiclmess in percentichor~.

The wings were twisted to improve the stalling characteristics.
● For the wings of taper ratio 2,5, twistiwas introduced to give a

cl-margin of approximately 0.1 at the 0.7 semispm station when Cz=

was reached at some inboard wing section. (See references 1 ma 2.)
For the wings of taper ratio 3.5t calculations indicated thatithe
washout necessary t.oprovide this cz-margin would cause excessive

induced drag. The twist was therefore limited to s0 for this group
of wings, .

4
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The wings were constructed of laminated mahogany end were
finished with lacquer. Two surface conditions were provided for “
testing. For the smoth-~del condition, the wtigs were sanded
to an aerodynamically smooth finish. In order to eimulate a rough-
model condition, a leading-edge roughness similar to that esti%lished
by the Langley two-dimensional.low-turbulence pressure tunnel was
used. The roughness was obtained%y application of No. 60 (0.011-inch
diameter) Carborundum grains to a thin layer of.shellac along the
co@ete span over a surface length of 8 percent chord measured
from the leading edge on bath upper and lower surfaces. The grains
were intended to cover ~ to 10 percent of the affected area. “Some
difficulty was encountered, however, in obtaining the same density
of the grains for all wings. The roughness on the 2.5-8-44,24
wing was lighter tha.pon the other wings and the aerodynamic charac-
teristics of this wing are believed to be somewhat better than would
be obtained with the desired roughness.

—

. METEOIH -.

. ,.. ,
Te8ks

.
.

The tests were conducted in,the Langley lg-foot.pressure tunnel
with the “tingsmounted as ehown “infigure 2. For all tests the air
in the tunnel was compressed @ a dena}ty,of approximately 0.0055 dug
per cubic foot. The”tests were made ht several values of Reymolds aATuti
number between 1.5 x 106 and 7.0 x 106. The Mach number range was
from O.06 to 0.25. The relation of Mach nuuiberto Remolds number
is given in figure 3. The relation of Mach nuuiberto Reynolds
number varied from wing to wing because the change in aspect ratio
was accomplished by changing the chord while the span constsnt was
held constant.

Measurements of lift, drag, end pitching moment were made over
an angle-of-attack raq.ge from -4° through the angle of stall. Profile-
drag measurements were made by wake surveys at 24 spanwise stations
at several angles of attack covering a lift-coefficient rsnge from O
to 1.0. Flow separation on the smooth wings was studiedby means
of wool tufts placed at 20, 40, 60, ~, and 90 percent of the chord
and spaced 6 inches spanwise on the upper surface of the wing. No
studies were made of the flow se”paratiorion the rough wing.

,,

.

Corrections for support tare and interfere~ce have W?n applied
to all force-test data. Jet-bo~dary and air-flow-tisalinement
corrections have been applled to the angle of attack end d!$ag
coefficient:
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Calculations .
*

The characteristic of the wings were calculated from two-
dimensional airfoil data by the lift~-line theory. The required
airfoil section characteristicsat~~opriate Reynolds numbers were
obtained f.rtiunTubliehed data from the Lsz@ey t-wo~dirnen~i-mallow-
imrbulence pressure tunnel. These section data were obtifned at a
Mach nu?ibernot exceeding 0.17, HO that compressibility effucts are
believed to be negligible. The section dab” for the rough conditions
were obtained for two sizes of Carborundum grains so that the effect
of the variation of relative grain size across the span of the tapered
wings could be taken into account in the cal.oulatims for the wings
with leading-edge roughness. Lift @ induced drag @aracterfstics
were deta?nined by a generalized ayplicatio”nof tho lifting-line
theory which allows the use of-nonlinear section lift curves end by
the usual.applicationwhich assumes linear lift curves. A correction
to the lifting-line theory for the effect of chord of a ftiite-
span wing was made by app3.yingthe edge-velocity factor given in
rf3ference3. The profile-drag and”pitihing-moment coefficients were
obtained by using section coefficients at the corresponding section
lift coefficients and integrating the loadings across the span,
The procedure by which the wing characteristicswere computed is
given in detail In reference 4. For the sake of brevity, the two
applications of the theory mentioned previously me hereinafter
referred to as the ~!genera3.izedmethod;’and the “linearized method”.

Aerodynamic characteristics for the wings of taper ratfo 2.’5
were calculated by both the generalized and linearized methods for
the smoath-model condition and by the generalized method for the
rough-mtiel conditi~. For the wings of taper-ratio 3.5, the
characteristicswere calculated only for the smooth-model condttion
by the generalized method.

RESULTS AN33DISCUSSION

Comparison of Exyerimmtal and

Calculated Characteristics

The experimental.end calculated Ilft, drag, and pitching-moment
characteristics for the wings of taper ratio ’2.~and 3.5 are presented
in fives 4 to 10 for the smooth-tiel condltlon. The experj.men@l
and calculated lift and drag characteristics for the wings of taper
ratio 2.5 are given in f@ures 11 to 14 for the rougk-model condition.
Some of the important results of the comparisms are summarized in

,
.

.
.

.
9
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tables II and 111. For better accuracy, the ex~rimental values
of meximu Mf t-drag ratio (L/D)- given in these tables were

read from faired curves of (L/D)_ against Rewelds number.

Typical calculated spsnwise distributions of section lift coefficients”
at the predicted maximqn lift, for estimating stall characteristics,
are given in figure 15. Experimental stall characteristics derived
,from tuft studies aro shown in figures 16 ard 17 for all smooth w-s.

In the linear lift-curve range, the characteristics calculated
‘byeither the generalized or the liriearizeamcthod wouldbe expecbd
to be the same. Differences in lift-curve slope and induced-drag
coefficients were obtained,however, and ere attributed to inaccuracies
.in computing that erose In reading, fairing, end integrating plotted
curves.

prw.-A comyarisonof the calculated.and expcrimen%al total-
drag curves for the snioothwings (figs. h,to 10) shows that good
agreement was obtainod at low lift coefficients. Less satisfactory
agreement was obtained at higher,lift coe~j,cients where the calculated
aragwas generally lower then the experimental drag. This effect was
most pronounced for Wings.of aspect ratio 8. As would be expected.,
the sauieresults are shown in a ccmparieon oftho calculated ana .
experimental grotile-drag coefficients. (Force-test profLie-drag
coefficients were deherminod by subtra~ting the induced drag coef-
ficients obtained by calculation frcm the total drag coefficients
maswed by fm-ce tests.) The test values det@m@ned by wake surveys,
however, are in excellent agree~nt with the calculated values. Possible
reasons for discrepancy between force-test profile drag and calculated
and welceysurveydrag are (1) errors in corrections for support tare,
interference, and stream misalinement, (2) inaccuracies in calculating
induced drag and (3) inaccuracies in evaluating the drag at the wing
tip from section data or wake surveys’.

Generally speaking, the agreement between calculated end experi-
mental drag for the rough cauditim (figs. U. to 14) was about the same
as for the smooth condition but waa less consistent. In addition to the
sources of errors menticmed before errors “inprofile drag for the rough
.condition can easily arise from (l\ inaccurate simulation of desire~
roughness in the wi~ tests and (2) inaccuracies in accounting for grain
size in the calculatj.cme. These errors would also influence the
llft characteristics.

I?orwhgs of the type investigated, the value of (L/D)- is a

predominant factor in determining the o@dmum design. Aa indj.cate~
In tables 11 andIII, the calculated values of (L/D) were, for the

case giving the greatest descrepancq within 7 percent of the experimental



valuee. l!%omthe preceding Mscuesion Qf possible errors in the
dehm’mination of drag, even this lar~est clifferenoe %etwean calculated ●

and experimental (L/D)ti appears reasonable.

Lift .- The “differencesbetween “tievalues of maximum lift
coeffi,cientvCL obtatned from tests and frcm calculation by the

max
generalize~ method (tables II and HI) mnged &cm 0.02 to .0.08with
an average differeme of about 0.04. .Thecalculated values were
generally lawer than the experimental values.” The maximum lift
coefficients calculated ty the linearized method are from O to 0.14
lower than the.corresponding test values with h average difference
of about O .07. The maximum lift coefficient calculated by the
linearized method is the wing lift cokf?ficientat which 30me,section
first reached nw@mum lift. The general.izodmethod of calculation
predicts the rounded lift curve pee.kBas were obtatied by test in
contrastito the straight curvee Predickd by the linearized method.

The agreement between experimental ~ calctitad lift-curve
slopes atilow angles cdlattack (tables II.@ 111) i.snot altogether
satisfactory. The correlation is good for tbe wings of aspect ratio 8.
For the other wings, the calculated values were ae much a~ k percent
10WW them the experimental values in some”cases. Aside from 8Qeri -
mental and computing errors, discrepancies my be due to the llmf-
tations of the edge-velocityfactor in co~ecti~ for the Gffcct of
the chord in three-dhens ional flow. The agreement betwem experf-
mental aud calctiated angles of zero lift is excellent.

P~hina moment.- At zero lift the agreement between the
experimental and calculated pitching-moment coefficients and momont-
curve slopes is’generally good. (See table 11.) At higher lifts,
however, the experimentti”pitching-moment curves show larger
increasea h elope than the calculated curves. [See figs. 4to 10,)

Stal lin&?characteristics.- “h ofier tO obtifn m indication of
the stalling characteristics-.gf the wings, an analysis of the type
outlined in references 1 m.d 2 was tie by ccmparing the predicted
distribution of section lift coeffj_c~entsat Wti-Hft with tk
variatim of section maximvm lift across the spen. A carpsrison of
this type fm the 2.5-10-44,20 and 3.5-10-44,18.4wings Is showp
in figqre 15. On the basis of the curves cal.c@ated by-the gmralized
method, the meximuM section lift--coefficientsfor those wings appear
to be l“eachedsimultxmeouely over most of the span. The coz%oeponding
tuft-mxrveys (figs. 16 end 17), which show trailing-edge separation
or intemnittent~~atlon over ap~oximatdy the esme part rd the
span, ez’eaccordin@y in general agreement with the calculatiaw;
however, a ntore quantitative discussion of the agreement is not

.
.

●
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possible in the a.bsericeof an experimental span lmd ~stribution and
a correl.aticnbc%ween,section lift coefficient and tuft.behavior.
The difference %etween the two calculate curves of figure 15(a)
is eu.fficientlygreat to =fect seriously ,- prediction of stalling
characteristics. For this wing the generalized me’~cd predicts the
maximum section lift coefficients to be reached shqultanecusly ever
most of the span} whereas the linearized method indicates a considerable
margin of safety at the outboard secticns when the inboard secticns
have roached mmdmnun lift.

The comparison indicates that ”thecriterion of a“cz=margin

of 0.1 at the 0.7 semispan station, which appears to %e satisfied on
the basis of the linearized method, is not actuelly attained if it 1s”
to be assumed that the generalized met@d is moye comect. If the
margin cf 001 is necessary for good lateral stability end contrcl~
the stalling charac’teristlcscf the tipgwculd be unsatisfactory
according to tie generalized methcd. On the basis of the tuft surveys
alone, the stalling of these ti’ngstight be considered satisfacf?ly
since it Is gradual mid characterized by initial.rcughnesa and .
sepration near the center md by fair flew at ~ lift.

Rbm,rks.- Although calculated force and moment characteristics
show some variations with respec”tto the experimental charac”ti”rls%ics-j

.

the agreement 1s reasonable ad is believed tc be close eno@h to
.

warrant their use in designt For calculating characteristics athigh
lifts, the methmlbased on ncnlinear section lift curves was more
accurate them the method based dn linsar lift curves, The results of
the investigation indicate the need fcr more accuratm methcds for
predicting flew separatica on a wing,.

.,

Effects of Aepect Ratio, Taper Ratio,

and Root Tlxl.ckness+hordRatio

The experhnental characteristics of the wings are compared
in figures 18 and 19. Calculated profile-drag coefficients are
presented in figure EC. ‘I!h8variations cf (L/D)Mx with aspect

ratio are shown in figure 21. The experimental variaticms of
C%ax

and ,(L/D)ux yith Repclds nurtiberare given in figure 22. In the

follcwing discussion the wings are compqred at an essentially constant ~
value cf Reynclds number of approximately 3.5 X 106. Ali%o-@%”b
included in tqble II an figure 18(a) are for a Reynclds number

tdifferent from 3.9 X 10 , the cmnpa~isogs shown %y these data are
essentially the sane as for a Reynolds number of 3.9 X 106.
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Dm.4J.“ The drag ourves for the smooth wings (fig.
charac~riBtic decrease in drag with increase in aspect
moderate lift coefficients even though the profile drag
by the thicker root sections of the higher-aspeot-ratio
Similzm?variatims were obtained in the rough condition

TN No+ 3270

18) show the
rat~o a%
was increased
wings.
for the wings

of taper ratio 3.5 and for wings of taper r=tio 2.5 with aspect
ratios 8 and I.O. (See fig. 19.) The wing of aspect ratio 12 and
taper ~atio 295 had higher drags, however, tlEUIthe wirg of asPect
ratio 10 except ne= the CL for (L/D)- where the drags of the two

wings were equal. The calculated data in figure 20 indicate that
this effect is associated with the relatively large profile drag of’
the thicker root sections of the high-aspect-ratio wings in tho rough
cOnditiOn●

The same vaiations in drag with aspect ratio are shown by
consideration of the values of (L/D)mU h figure 21. For the wing8

of taper ratio 2.5, both experimental and calculated values

Of (L/D)H for the smooth condition incveased with increasing aspect
.
.

ratio throughout the range of aspect ratios investigated but the values
for the rough conditionlnd.icatednogain in (ll/D)m when the aspect .

ratio is increased from 10 to 1.2. For the wings of taper ratio 3.5,
the values of (L/D)- for both the smooth and rough conditions increased

with inol?eaflinga6peot ratio. Figure 21 also indioa%es that the
harmful effects of’roughness on (L/D) can readtly exceed the

Hex
beneficial effects of increasing aspect ratio in this renge; it may
be noted, howovorj that the roughness was somewhat extreme. Generally,
there was little difference in (L/D)_ for corresponding wfngs of

_———
taper ratio 2.5 gind3.5 in the smooth condition but in the rough
condition the values of (L/D)-Y for the wings of taper ratio 3.5 wore

—-
consi.stentlyhigher than these for the wings of taper ratio 2.5. This
difference was probably due to tiie larger effect of roughness on the
thicker seoticms of the wings of 2.5 +~per ratio. The data in figure 22
indicated that Reynolds number generally had little effect on
the (L/D)W of the imooth wing= and that increasing the Reyno~ds

number increased the (L/D) -gfthe rough wings.

~i~. - For ‘bothsmooth and rough conditions, the maximum llft
coefficients of the wings with a ratio of span to root thiclmess of 35
decreased with increasing aspect ratio. An appa.mmt decrease iM ~

due to aspect ratio alone is noteaby a comparison of wings 2.5-8-44,24
and 2.~-12-44,24 (fig. 22) but this decrease was probably due to the
fact that, when tho two wings were at the same Reynolds number, the

.
.

.
*
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wing of aspect ratio 12 was at the higher Mach number. The wings
of taper ratio 3.5 had higher values of ~ than did the wings of

mex
taper ratio 2.5 but the difference was usually negligible. The
maximum lfft coefficients increased with Re.ynoMs number over most
of the range. At the upper end of the range, the v~ue of CL

max

for some of the wings decreased, probably because of compressibility
effects.

The lift-curve slope dCL/dufor the smooth wings shm=the

characteristic .Qcrease with 7
For the rowh wingg

-~tirwfiio (txible11).
~ft curves show little change

in slopg_as a result of the large adverse effecti..of.section .thicbe.gs.— .-—. -
ratio:

Stall c@racte~etics,- The results of the stxQl studies in——
figures 16 and 17 show ~ all the wings have similar stall patterns.
Separation of flow kegm at the trailing -e near the root and
gradually ~rogressed forward and outmrd until, e.%~ 30 to 40 perc~t

max’

of tie wing was etalled. The effects on stall characteristics of
increasing the taper ratio frc3n2.5 to 3.5 were very small.

CONCLUSIONS

The aerodynamic characteristics of seven unswept tapered wings
were determined by calculation from two-dimensional.data end by
wind-tunnel tests in order to demonstrate the accuracy of the calcul-
ations and to”show some of the effects of aspect ratio, taper ratio,
and root thickness-chord ratio. On the basis of comparisons made
at equal values of Reynolds ?mxiber,the fc~OWi.llgCOnCILISiOnS=
shown:

1. Reasonable agreement me obtiainedbetween calculated and
experimental winglforce ~ moment ch~racteristics. The method
of calculation which allowed the use of mnlimmr section lift curves
gavo better agreement with experiment at high angles of attack then
did the method whzch assumed linen lift curves. The two methods of
calculation gave different spgnwise lift distribution at maximum lift.

2. me values of meximmlift-drag ratio (L/D)m of the smooth

wings increased %tithincreasing aspect ratio throughout the renga
investigated in epite of the increased drag of the thicker root sections
associated with the highsr aspect ratios. The values of (L/D)ma
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for the rough wings
however, the values

of taper ratio 3.5 indicated
for the wings of taper ratio

IfAC!ATNNo. L270

the same trend;
2.Ij showed no gain

when the aspect ratio was increased from IO to 12, apparently because
of the larger increment of profile drag due to roughness on the
thicker root eections of the wing ot aspect ratio J-2. The decrement
in (L/D)m due to roughness was considerably greater than the

increment due to changing the aspect ratio through the entire range
investi~ted.

3* The maximum lift coefficients decreased with increasing
aspect ratio mainly because of the associated increase in.root
thickness-chordratio.

Langley Memorial Aeronautical I,aboratory
National Advisory Committee for Aermautics.

Langley Field, Vs., Novtier 27,-2946
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Figure 2.- wing mounted in Langley 19-foot pressure tunnel.
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(a) CL against CD, a, and Cm.

Figure 7.- Experimental smd calculatedcharacteristicsofwing 2.5-8-44,24with smooth

lesdhg edge. R = 4.32x 106,
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Figure 8.- The experimental d calculatedcharacteristicsof wing 3.5-844,14.7 with smooth

leadingedge. R = 4.0 x 10°.
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(a) CL against CD, a, and Cu.

Figure 9.- The experimental and calculatedcharacteristicsofwing 3.5-10-44,18.4with smooth

leadjngedge. R = 4.0X 106.
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Figure 10. - The experhental and calculatedcharacteristicsofwing 3.5-12-44,22.1with

smooth lesdjngedge. R = 4.0x 106.
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Figure 11.- Experiment.aland calculatedcharacteristicsofwing 2.5-8-44,16with rough

leading edge. R = 3.9 x 106.
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Figure 12..- Experimental and calculated characteristics of wing 2.5-10-44,20 with rough

leading edge. R = 3.9 x 106.

I

gl
●

F
N)



/.0

.8

.6

0

72’

0020406 LMIOJ2.14 -4048 f2/6

co c

Figure 13.- Experimental ad calculatedcharacteristicsof wing 2.5-12-44,24with rough

leadingedge. R = 3.9x I@.
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Fig. -15 NACA .TN No. .1270
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TABLE 1.- GEOMETRIC CHARACTERISTICS OF WINGS

I
T+9r

I

hpcmt

ratio ratio

T
2.5 I lb.05

2.9 .12.06

2.5 8.04

3.5 8.03

3.5 look

3.5 12.06

NACA alrfotl

Root

I

Tip
6ection section

4416 4412

J4412

442% 4412

4424 4412

4418.4 I MU

I
Area

E ,(Sq ft)

15 27.994

15 22.393

15 18.661

15 27.y+I

15 28.021

15 I 22.418

15 16518. 6

M.A.C.

(ft)

l“!MJ

l.~p

1.328

1“59
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1.656
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E.TABLE II.- CALCUIATWD AND KXPERIMFNTAL CEARACTRRISTICS OF WT.N13SWITH SMOOTH LEADING EDGE

R

(L/b)mx
my)

w Calculated c alcul

Genera&
ized

..2.9
-~.o
-3.0
“-3.1
-3.6
-.
-:.:

ted

LSnear
ized

-2.8

-2.9
~:.;

.
----
----

----

Wslg Experi-
mental

d--
kna.ml- Llne~
fzed ized

4. 2 x lot
2

;:8;
4.32

4.00
4.00
4.00

R

2.5-8-44 16
2.5-10-4i,20
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TABLE. III .- CALCULATED MID 7#XERIMERTAL CHARACTERISTICS OF lCUi02 HITE ROUGH LWItHiU EIXE b 1

9

%“ (m)w a L-o)
dCL

Mb Jw) z
CLU

wing R calou- calcu- calml- calcu-
lated E%pel% lated

Calcm
@.xJm?l- lated

(genefi %X:- l’sz %%:-
leted

(gene~ mental (gg~) mentol (gener- %K&-
allzed) eliiied) al,ized)

2.5-8-44,16 3.93X106 0.0129 0.0135 22.8 21.6 -2.7 -$.6 0.0778 0.0774 1.18 i.22

2 .5-10-44,2Q 3.90 .013?’ .0133 23.9 23.6 -2.6 -2.8 .0760 .0796 1.03 1.08

2.5-12-44,24 3.93. .0145 .0142 X2.5 23.6 -2.5 .2.6 .0763 ‘.0752 .80’ .89

2.5-8-44,24 3.9 .0137 .0126 20.3 2U.5 -2.6 -2.7 .0701 .0732 .91 .gg

3.5-8-44,14.7 4.00 -....-.
.0112 ---- 23.0 ---- -3.2 ------ .0785 ----- 1.26

3.5-10 -44,I8,4 4.00 ----- .0122 ---- 24.7 ---- -3.2 ------ .0792 ----- 1.10

3.5-12 -44,22.1 4.~ -----
.0130 --- 25.6 ---- -3.1 ----- .0795 ----- .99
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Fig. 17 NACA TN No. 1270
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Figure 18.- Effectofvariationsin aspect ratioand root thickness-chord ratioon
characteristicsofwings with smooth leadingedge.
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NACA TN No. 1270 Fig. 22a
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Figure 22. - Effect of Reynolds number on maximum lift coefficient a,md
maximum lift -drag ratio of a series of wings.



Fig. 22b NACA TN NJo. 1270
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